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Th e national registration numbers (NRNs), unique personal identifi ers assigned to all residents in Sweden, permitted unambiguous record linkages with essentially complete national registers of the total population, cancer ( 8 ) , death, and migration, as described previously ( 9 ) . Aft er exclusion of erroneous data ( N = 179, 5.3 % ), and all persons with emigration or a cancer diagnosis preceding index hospitalization ( N = 266, 8 % ), the fi nal achalasia cohort included 2,896 patients (1,573 men).
Individual person-time was calculated from the fi rst recorded (index) hospitalization for achalasia until the fi rst cancer diagnosis, death, emigration, esophageal resection, or December 31, 2003, whichever came fi rst. Person-time accrued and cancer events observed during the fi rst year of follow-up were not counted in the analyses, since prevalent cancers that were initially misdiagnosed as achalasia will dominate among the cases diagnosed in the fi rst months aft er the index hospitalization. Cancers found incidentally at autopsy were also disregarded to avoid possible ascertainment bias related to diff erential autopsy rates among achalasia patients and the general population. Th e number of observed cancer cases, divided by the expected number, produced standardized incidence ratios (SIRs) as measures of relative risks. Th e expected numbers were calculated by multiplying age-, sex-, and calendar yearspecifi c person-time accrued in the cohort by the corresponding incidence rates derived from the corresponding strata in the general Swedish population ( 10 ) . We calculated 95 % confi dence intervals (CIs) of SIRs assuming that observed cancer occurrences were Poisson distributed. In total, 688 patients (402 men) underwent surgical esophagomyotomy during follow-up. Unoperated patients contributed person-time to the nonsurgery stratum and were switched to the surgery stratum on the day of the myotomy. If a cancer developed in the fi rst year aft er surgery, the operation was ignored and the patient remained in the nonoperated cohort to avoid bias due to reverse causation. To compare risks among subcategories within the cohort, we estimated the relative risk using time-dependent Cox proportional hazards modeling with attained age as the time scale and sex as well as calendar year at entry as covariates.
Validation Study
To shed light on the validity of the achalasia diagnoses in the Swedish Inpatient Register, staff at the National Board of Health and Welfare (that keeps the register) randomly selected three achalasia patients from each department of general surgery and otorhinolaryngology at all county and regional referral hospitals in Sweden. According to the register, these departments managed the overwhelming majority of the recorded achalasia patients. In order to facilitate the fi eld-work, the sample was restricted to patients seen in the past 10 yr. A questionnaire was sent out to the chairman or the specialist in charge of these patients at the respective units. Questions were asked about diagnostic and therapeutic practices, criteria for diagnosis, when hospitalization was considered, and the percentage of achalasia patients who were managed exclusively as outpatients. Moreover, these local experts were also asked to review the case records of the selected patients in order to answer questions about the time sequence of onset of symptoms -fi rst diagnosis -treatments given, diagnostic tests used, and results of dilatations and esophagomyotomies. Th ey were also asked to grade the certainty of the diagnosis, from unambiguously correct to doubtlessly incorrect. Th e responses were sent to the National Board of Health and Welfare, where the responses were registered, de-identifi ed, and forwarded to the investigators.
RESULTS
Men constituted 54.3 % of the cohort and the mean age at entry was 54.4 and 59.6 yr among men and women, respectively. Average length of follow-up was 9.9 yr, and 25,766 person-years at risk were accrued aft er excluding the fi rst year of follow-up ( Table 1 ) . We observed 238 incident cancers (any site), corresponding to a SIR close to unity (SIR 1.1, 95 % CI 0.9 -1.2).
During year 2 -38, 22 incident cases of esophageal cancer represented a more than 10-fold greater risk (SIR 10.5, 95 % CI 7.0 -15.9) ( Table 2 ) . Th e excess risks were equally evident for both adenocarcinoma (SIR 10.4, 95 % CI 3.8 -22.6) and squamous cell carcinoma (SIR 11.0, 95 % CI 6.0 -18.4). Although women contributed 46 % of the observed person-time in our achalasia cohort, only 2 of 22 (9 % ) esophageal cancers occurred in women, both adenocarcinomas ( Table 3 ) . We observed excess risks of esophageal cancer among both nonoperated (SIR 9.1, 95 % CI 5.1 -15.0) and operated (SIR 16.0, 95 % CI 6.4 -33.1) achalasia patients ( Table 3 ). However, this difference was not statistically signifi cant in overall (RR 1.2, 95 % CI 0.5 -3.2) and also in a model restricted to men only (RR 1.4, 95 % CI 0.5 -3.6). Further stratifi cation by follow-up time, albeit hampered by small numbers, gave no indication of increasing risk with increasing time aft er the esophagomyotomy ( Table 3 ). Only 1 of 7 esophageal cancers observed among operated patients was an adenocarcinoma (SIR 8.0, 95 % CI 0.2 -44.4).
In the validation study answers were received from 31 clinics (60 % ). Out of 93 selected patients at these units, case records could be traced for 83 (89 % ) ( Table 4 ). Based on the records of 50 patients, the time between onset of achalasia symptoms and diagnosis was 2.6 (SD 4.2) yr. Of 16 (19 % ) patients with conditions that were incorrectly classifi ed as achalasia, 4 (5 % ) had postrefl ux stricture, 1 (1 % ) had status postsurgery for obesity, while the other had diagnoses that were unrelated to esophageal cancer risk, e.g. , cricopharyngeal achalasia. Th e overwhelming majority of patients (81 % ) were diagnosed with more than two diagnostic procedures, typically barium swallow and endoscopy (59 % ). Th e estimated percentage of achalasia in patients who were managed as outpatients, and therefore not registered in the Inpatient Register, varied between 0 % and 100 % among reporting departments (median 0). Th e majority of responding departments (80 % ) believed that only few patients are managed exclusively as outpatients.
DISCUSSION
Th e link between achalasia and esophageal squamous cell carcinoma is fairly well established ( 2, 5, 11 ) , but this is the fi rst epidemiological study that demonstrates an increased risk of esophageal adenocarcinoma. Barrett ' s esophagus, a presumably obligatory precursor lesion in the development of esophageal adenocarcinoma, typically develops following longstanding gastroesophageal refl ux disease (GERD). Th e hypertensive LES in * The fi rst year of observation was excluded. Because of 2 cancer cases with unspecifi ed histological subtypes among men, the sum of adenocarcinoma and squamous cell carcinoma cases will not add up to the total number of esophageal cancer. EAC = esophageal adenocarcinoma; ESCC = esophageal squamous cell carcinoma. * There were, totally, 2 cases for which histological subtypes were not specifi ed, i.e. , undifferentiated cancers. Therefore, the sum of adenocarcinoma and squamous cell carcinoma cases will not add up to the total number of esophageal cancers. EAC = esophageal adenocarcinoma; ESCC = esophageal squamous cell carcinoma.
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achalasia may lessen the probability of refl ux, but the possibility of iatrogenic refl ux aft er esophagomyotomy has been a matter of concern among surgeons, and routine prophylactic fundoplication has been advocated ( 12, 13 ) . As no more than 1 out of 6 adenocarcinomas (17 % ) developed in an operated patient while operated patients accounted for 33 % of the total persontime observed in the cohort, our fi ndings did not provide support for implicating surgically induced refl ux as a quantitatively important mechanism. Concomitant GERD, existing already before the diagnosis of achalasia, may be one alternative mechanism. Several reports have suggested that esophageal motility disorders may progress from one type to another ( 14 -16 ) . Furthermore, notwithstanding the hypertensive LES in achalasia, complete and prolonged relaxation of the LES was demonstrated in the majority of 11 such patients when monitored for 24 h ( 17 ) . Given the importance of acid clearance ( 18 -20 ) , it may be hypothesized that even minor refl ux in a dysmotility-stricken esophagus may increase the risk of Barrett ' s esophagus and esophageal adenocarcinoma. Finally, it has been hypothesized that chronic infl ammation caused by fermentation of retained food to lactic acid within the esophagus ( 2,21 ) may lead to metaplastic transformation of the squamous mucosa to Barrett ' s esophagus. Th e possibility of adenocarcinogenetic mechanisms that do not involve metaplastic transformation must also be entertained ( 22 ) , conceivably proceeding from the submucosal glands or from islands of heterotopic columnar epithelium. Surgically treated patients had a higher SIR for esophageal cancer than had the unoperated ones, but it is reasonable to assume that operated patients had more severe and / or long-standing disease. Moreover the diff erence between operated and unoperated patients did not attain statistical signifi cance. Stratifi cation by time since surgery demonstrated a tendency towards falling SIRs with time, contrary to the tendency for increasing SIRs in the unoperated group. Th us, our overall data give us little reason for suspecting that the surgical manipulation per se may contribute to cancer development in achalasia patients. If anything, it appears that esophagomyotomy might somewhat reduce the risk of squamous cell carcinoma in the long term.
Our validation study showed that specifi city of the achalasia diagnosis in the Swedish Inpatient Register was satisfactory. Among the 19 % misclassifi ed patient with a false-positive achalasia diagnosis in the validation sample, few (6 % ) of the entire examined sample had diseases that in themselves are established risk factors for esophageal cancer. Because we excluded all patients with a cancer diagnosis before entry into the cohort and disregarded the fi rst year of follow-up, most cancers that were initially misclassifi ed as achalasia should have been cleared from the cohort when our incidence calculations commenced. Accordingly, exposure misclassifi cation is highly unlikely explanation for the increased esophageal cancer risks observed in our study.
Although our study has some unique strength, we also faced certain limitations. Most importantly, we did not have information about other risk factors for esophageal cancer, such as smoking, alcohol consumption, a diet low in fruit and vegetables, or presence of obesity. However, a relative risk equal to unity for lung cancer among the cohort members ( N = 15, SIR 1.0, 95 % CI 0.6 -1.6) as well as low relative risks for alcohol-related cancers, i.e. , liver cancer ( N = 0) and oral cancer ( N = 4, SIR 0.7, 95 % CI 0.2 -2.1), allay concerns about positive confounding by smoking or alcohol consumption. Further, obesity is not a prominent feature of achalasia patients ( 5 ) . Moreover, the strength of the observed associations in this study makes confounding by any of the factors discussed in the foregoing unlikely as the sole explanation.
In conclusion, while the risk assessment among women with achalasia was inconclusive due to small numbers, our study provided evidence that men with achalasia are at greater risk not only of esophageal squamous cell carcinoma but also of esophageal adenocarcinoma through mechanisms that are yet to be determined. Investigation into the nature of these mechanisms may off er some additional general clues to the etiology of this rapidly increasing cancer.
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